Objectives RNF213 p.R4810K is a founder polymorphism that confers genetic susceptibility to moyamoya disease in East Asia. Only a few studies have investigated the symptoms and disease histories of RNF213 p.R4810K carriers in Japan. This study investigated the frequency of RNF213 p.R4810K in the general Japanese population and the health characteristics of the carriers. Methods Through a health-promotion campaign in the city of Uji, Japan, 519 subjects (120 males and 399 females) of the general Japanese population were genotyped for RNF213 p.R4810K and interviewed to determine health characteristics. Results Nine RNF213 p.R4810K heterozygous carriers (GA genotype) and no RNF213 p.R4810K homozygous carriers (AA genotype) were found among the 519 individuals. The estimates of the genotypes and allele frequencies for RNF213 p.R4810K were 1.73 and 0.87 %, respectively. There were no obvious differences in age, gender ratio, body mass index, hypertension, dyslipidemia, diabetes, kidney disease, liver disease, heart disease, or drinking or smoking habits between carriers and non-carriers. Interestingly, one patient with moyamoya disease was found among the nine RNF213 p.R4810K carriers. Conclusions This study showed the genotypes and allele frequencies of RNF213 p.R4810K in the general Japanese population to be similar to results of previous reports.
Introduction
Moyamoya disease (MMD) is an idiopathic vascular disorder of intracranial arteries [1] . MMD occurs with the highest prevalence in East Asian countries, including Japan, Korea, and China, compared with other countries worldwide [2] [3] [4] [5] . Recently, RNF213 has been identified as a susceptibility gene for MMD. The p.R4810K polymorphism (c.14429G [ A: rs112735431) in RNF213 has a strong association with the disease in Japanese, Korean, and Chinese MMD patients [6, 7] , and the frequency of p.R4810K in the general Japanese population has been estimated at 1.4-2.7 % [6] [7] [8] [9] [10] [11] . However, no studies have investigated symptoms and disease histories of RNF213 p.R4810K carriers in the general Japanese population, except for one report that tested the association of RNF213 p.R4810K with blood pressure [10] . In this study, our major objective was to investigate the frequency of RNF213 p.R4810K in 519 Japanese individuals from the city of Uji, Japan, and to determine the health characteristics of the carriers. We aimed to determine whether RNF213 p.R4810K carriers have specific health problems.
Materials and methods

Study population
A total of 519 Japanese individuals were recruited between 2008 and 2015 from the participants of a health-promotion campaign in Uji, Kyoto Prefecture, Japan. For each participant, we chose the latest data collected in the healthpromotion campaign for analysis. Participant information, including age, sex, history of hypertension (HT), dyslipidemia (DL), diabetes, heart disease, liver disease, kidney disease, any other disease, and drinking and smoking habits, were collected by interview. These diseases were defined as self-reported physician diagnosis or pharmaceutical treatment. Body weight was measured in light clothes on a scale, and height was measured with a stadiometer. Body mass index [BMI, weight (kg)/height (m 2 )] was calculated. Ethical approval for this study was given by the Institutional Review Board and Ethics Committee of Kyoto University School of Medicine, Kyoto, Japan (G182 and G342). Written informed consent was obtained from all individual participants included in this study.
DNA extraction and genotyping of RNF213 p.R4810K
Genomic DNA was extracted from blood samples using a QIAamp DNA Blood Mini Kit (QIAGEN, Germany) according to the manufacturer's protocol. The DNA was stored at -20°C until analysis. Genotyping of p.R4810K was conducted using a TaqMan probe (Custom TaqMan Ò SNP Genotyping Assays; Applied Biosystems, Foster City, CA, USA) and a 7300/7500 Real-Time PCR System (Applied Biosystems) as described previously [7] .
Statistical analyses
All data analysis was carried out using JMP pro version 11.2.0 (SAS, Cary, NC, USA). Continuous variables (age, sex, and BMI) are presented as the mean ± standard deviation (SD) and age was compared using Student's t test. Categorical variables (HT, DL, diabetes, drinking, smoking, kidney disease, liver disease, and heart disease) are presented as proportions. P values \0.05 were considered statistically significant.
Results
The demographic characteristics and frequency of RNF213 p.R4810K among the participants of this study are shown in Table 1 . There were 120 men and 399 women. Among the 519 individuals, nine (1.73 %) had the GA genotype for p.R4810K and none had the AA genotype. We compared the health characteristics of individuals with and without p.R4810K (Table 2 ). There were no significant differences in age between GG and GA groups. Furthermore, no obvious differences were observed in gender ratio, BMI, HT, DL, diabetes, kidney disease, liver disease, heart disease, or drinking or smoking habits between GG and GA groups. We confirmed that there was no blood-relationship among the nine individuals with p.R4810K. Interestingly, one patient with MMD was found among the nine RNF213 p.R4810K carriers, while none were found among the noncarriers. The MMD patient was a 43-year-old female who has no history of HT, DL, diabetes, kidney disease, liver disease, and heart disease, and drinking and smoking habits.
Discussion
This study showed that the genotypes and allele frequencies of RNF213 p.R4810K in the general Japanese population were 1.73 and 0.87 %, respectively, which are similar to frequencies previously reported [6] [7] [8] [9] [10] [11] . Geographic distribution of RNF213 p.R4810K in East Asian populations is shown in Table 3 . Regional differences of carrier frequency and minor allele frequency occur in the populations of Asian countries. Carrier frequency and minor allele frequency are relatively high in Korea [7, 9, 12] , but low in China [7, 9, 13] . In Japan, the values are between those in Korea and China, except for in the city of Noshiro (in which the values are extremely low). Furthermore, a previous study suggested that RNF213 p.R4810K is significantly associated with systolic blood pressure [10] . Although we observed no obvious differences between GG and GA groups, additional information, such as blood pressure, should be collected from each participant in future studies. In addition, detailed symptoms and disease histories and laboratory data of subjects are needed to enable further investigation of the association of p.R4810K with other diseases in the general population.
Limitations of this study
This study has several limitations. The information about the participants' history of HT, DL, diabetes, heart disease, liver disease, kidney disease, any other disease, and drinking and smoking habits were self-reported by interview questionnaire. The sample size was relatively small and the percentage of females was large (76.87 %). Because of these limitations, it is hard to compare our data with general population data of other studies. In addition, blood pressure was not recorded in participating subjects, so our study lacks statistical power. One strength of this study is that we recorded the past and present health problems in a relatively older generation, revealing the absence of specific serious health problems. A large cohort study is needed to confirm our observations.
